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Summary 



investigate ine merawnwn. v. - r 7 7T~ ',.11 
uamlned cDNA donee from human and rabbit ammU 
Intadlne. An don- contained a C - T bj- 
difference from the hapatte aequence, resulting Ins 
tranaiational atop at codon 4153. Amplification by the 
JZJL. chata reaction of cDNA Irora human and 
po 7? w .— _^m* ih. r . aitA tha human 



AMrieDNAdMnolMntaintMawpBoaani »™ 

S^^.^orpo^r^^c^J^ 
may mult In tha production •« tpo-B4o\ *™ cn re J** 
SruTamlnoSnn^l MB «nlno adde olepo- 
Ka Thla la th. flmt 0< 
modification ol a alnaja mHMA mid-"— «ummi 



-Two closely related tame d aponpoprotein (ape) B drcu- 
2? as^^corurttuent. d the plasma fipopiotam, 
S^human.. epoeioO (M, 512 



l^Z^, iatamn and Goldstein. 1886). The other farm d 

Saon the candle system baeauae it la roudtly hatt the 
ate d apceioa It la essential far dytomicror, ^matfon 
and tr-absor^ «™ ft8 P° n d ^ t* 0 **"" 



1BBG- Otofwon at al.. 1986) and inlron-anon organization 
SmVaS^ene have been deduced (BlacWiart at a... 

Cartoon et al.. 1988: Higuchi et al.. 1987; Wegener 
2£ SrjTuman ape-moo mRNA * 
in length and encode a *5S3 amlrto *<^^ r 
whfcrTa 27 residue signal peptide la deaved- Tha corre- 
rZdino gene spana only 43 kflobases (W>) and » «m- 
pS o?» «ona. Over half ot m« coding sequence » 

carried by the 7572 bp axon 26. 

Antibody and peptide mapping, protein aequenana 



™ms the aminSminal half d apc-Bioo (Hardman 
ITrSne. 1986; Marcel et a... 1987: « el aUl9S£ 
Several nneo d evidence predict the region d apo*i00 
jn*ifch ih. apc-B48 molecule ia to «^ Epitopes 
(or monodond antibodies against apc-B have been 

proteolytic fragments d apo-Bioo 

Marc* et a).. 1987). All M™^™*™?™*^! 

the aml-vHermind hart d ap-BlOO alsc 

&da A further group do not recognae *f^J**" * 

«j 1986a; Marcel d al.. 1987) and have been localized to 

the carb«v<ermind halt d apo*l00. There are no ape 

o^flpedfie monoclonal wubodto ."J" 

B48 does not Mere* with the LOL receptor jHulet at. 

1984) and the LDL receptor-binding domain o 

reside, in the car**y«ermind one*W dlhepwa^ 

/Knott et at, 1988a; Marcel d al.. 1987). These results 

Horn to mloapo*48 being cdinear with the ammo 

^h* d VSS and imply tha, 

!SLn reddues 1700 and 2600. ™s £eondd^ 

the observed dze d spo*48 on S0S^iy«^w« 

gel, (SOS-PAGE), assuming that It has 

Cca*«rUrminal of apc-648 Is li«ry » be wnhln e»n 
25(7572 bp) d the apo* gene. ^ n 

^ ?9^ur^;^-^^ce^^^ 

^^trTs^^"^ 



"r^^cDNAee^enc^da^^^ 
1986a: Cladarm. at at. 1988: Law M aL, 1988: Yang et al.. 



donal antibodies have been used » ■ 
SpecHtc epitopes in human mte^inalc-^^ 
iargTtomd ^ to reported ^o b. •^gSS 
nal lymph and processed to a 
B4am«t(L3e«d..i984:Dun^-d^ 



qp eositi 
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_J 5L- 



BOttrtl. ApolUiopiowIn imortn* 1 cOMA 

W RMrteaon mip <rf ^jf^f-* 1 *^ 
•bL..- A Aid- St. SaU; H. HlndMU a B*mH\, 
^'^^E^.C.CUl-.P.W.TM 
Mitt) mmw a tnd ■ * tt WpM«» ™ 

IM. mappM. and ••O.utne*! trom U* W» 
iram uw a»o>*i «»■ t n »« ln,, " 



" 15Ss«: 

Kb that hybrktat WW* 8- but not 3- ap**100 
tbee (Deeb at ai. 1985; Meh»ab*> 
Cladaraa « 1986; Oteteton at ah, 

thU has M » the nigoeaton that K may be • W» 
product * the larger rnRNA (MehnNan 

The aim of ma (mnm ttudy was to lnve«iaH» the m °- 
JuW buto *r the production of apo*« by examining 

titarari* and camping thaia wtth the whence. * he- 
paueeDNAa and genomic ONA. 



Wa have focusad on the ™f rw 
the y end oime ^*™^JT?T ln Soure 1. 

n«wtoi«i Identinad common 

patfc (Knott et a.. J986B) emJ „ ^ ln . 



Oda 6686 ol the apo-8100 mRNA sw'™ 1 ™ 
mopCodonfTAAJwasloun 
21S3 19 gUitamlne (CAA) In 



QP MSI 18 
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HumtnCiang 
HU t 
Hu2 

Mil 9 


ACCAAA 
AATAAA 
TAT AAA 


• BP 

19 bp 
8* top 


8910 
7060 
7121 




Rati ♦ 2 
Rab4 


AATTAA 
AATTAA 
AATAAA 


17 BP 
IS BP 
19 hp 


677* 
«1S 

7OB0 


twatoOM 



^Tpl^nS^^^^ CONA dcr^. 
th e^Tl^««dm^^™^^-P^ 

*« oduW bp u-a as HvNti for peiyawnywjow"" 
j££ STS ffS*t USPS In Mu 1) and AATAAA(60bpV 

UDOn a^nll (K—lar «■ *■ 1*87). 

patlc cONA sequences snd In aU three published genomic 



ToSn. throo ol ma human intestinal cDNA clones 
from this region «m poiyadenyitfad "dl^'P^'^* 
downstream of the termination codon (Table 1). This con- 
f^mTpresenoe of » 7 Kb ep*B mRNA opociwinha- 
man inline. T»»mmalnmfl cONA do^n»n«^ 
adenylate*, and eomeJned sequences "tending up to 1 A 
kb downstream of the stop codon (Figure 2a). 
lb eliminate the possibility ol cloning artta* ord mu- 

human jejunal library and from a rattft small Intestinal *• 
b^HunzitoreTal., 1986); the rabbit is also *»m to 
Sue. both the 145 Kb and ^tt^mRNAs 
padaraa et al.. 1986). The stop codon «« P""£* me 
aamepoaWon in the only cONA done Isolated fromttje 

Imestfnal cDNA clones (Figure 2b) ^ ^ ^^f' e 
mien aleo contained a stop codontTAA) ntfacuigthe 
™™i duumfne eodon (CAA) at me identical position. 
pT^SS^w ^fcxlndTn th. rabbi, clones, but me 
sibMrtDrtyedenyUtlon were different from those occur- 
ring in the human Intestine (Tafia 1). A ^P^ n 



Then Ara Two 3p««iee of Apo-B mRNA In Ihe 

Intestine of Human and Rabbit w^mhhn 

Northern Wot analysis of intestinal mRNA from bom r **^ 
and human tissue (Figure 4) confirms ^wneeol^ 
apcB me-age*. Hybridization with probe, derived trom 
me 3» half of apo*i00 dewca a angle spades of approxi- 



mately 145 kb. equivalent to the 14.121 base message 
characterized from the liver cDNA libraries (Knott et al.. 
1986b). However, hybridization with probes from me 5- 
end of apofliOO, the region encoding apo*4a, detects 
the large message and a smaller 7 Kb species. 

Tno 14,5 kb and 7 kb inteatlnal mfWAa Bom 
Contain a UAA Stop Codon 

Because ol the small size of me intestinal cONA dones, 
it is not certain mat those lacking a poly (A) tail derive Irom 
me 145 kb transcript n is Important to determine whether 
the 145 kb mRNA contains the stop codon and encodes 
apo-B4B or whether it encodes apo-Bloo, Tb study mis. 
the reievent mRNA sequences were enzymattcaliy ampji- 
fed by me polymerase chain reaction (PCR) (Saiki et al.. 
1985) and screened wtm synthetic oligonucleotides de- 
signed to detect the single C to T base change. 

RNA was Isolated from terminal ileum msm a thiid hu- 
man subject, rabbtt liver, rabbit jejunum, and I me ^hepa- 
toma cell line HapG2 (known to produce 
««nd cONA synmeais wss primed either wtth oHgo (dT) 
or synthetic oHgonucieotides PCH9 and PCR11 (see E* 
perimental Procedures). Use of otigo (dT) and PCR9 
insures mat sequences from ™™^"J™ 
mRNAs are represented In the cDNA, whereas PCR11 
directs synthesis of cONA exclusively from the large tran- 
script Second strand synthesis was completed* the 
method of Guhler and Hoffmann (1993), ^ ™P™~ 
performed using apedflc primers as described^melev- 
end to Figure S and Experimental Procedures. J^arnpU- 
fiod segment (2B1 W****^'"™*^^ 
human mRNA and a corresponding region of me rabbit 
message. Amplified cONAs were run on agw»segj* 
blotted onto Zetaprobe. and hybridize^ 
ongonudeotide BQLN (TACTCATr^TTOTAT^wWch 
Is specific tor DNA containing a C at ^on ajd 

PGR hybridized strongly wim BSTOP and very wwwy 

^e^observatlon. indicate mat bom me 145 kband 
TD^RnS from human Heum produce •"•<* ^ 
and very little, r» »"* apo-Bir» The eame at true of rabbit 
rtranSpts containing «» 5" " 

£ed using mis method in Ihe RNA from rabbit I -ver or 
tne human hepatoma cell line HepG2- 

ado-8 la a single Copy dene 

O^arwlon for male results is mat 
Z !X* such mat one 9^^^^ 
sequence is transcribed in me fiver and me eeconu w 

BP 885113 
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^ ^ *^ 




B100 eOMA. Hie 1« I* tnd 7 1* M 
•son of US riMon* 

. m ^ TAA goqmncA to transcribed in the email Inua- 

B « ntt Southern wots of human g«nom,c OH^JJJJr 
S "5i e range ol flanking and Intamal S 6 " 9 ^^* 

» cS»i *. hybrid^ » j 

aralqua. Probes that detoct W 1 ™^^! 
SttS mS» (Knott el a... INK) rove- only * 
Ei« inaaeh individual. The conclusion must be thai i •> 

wing extensive gene conversion, or were « oniy w 



Differential SpUdng It Not Involved m the . 
TZEESSE" *»r me appearance of a «op 

Sm?m Mots of human genomic ^m^te 



~ - M Z' l ~Z 0 * ZZZZ «nn26 coupled wim Ussue*p«Wc a»n »nur 

* ' • "* - * - -' l9B8, ^!^. !?^ rt 28 or8mallw«menaolit 



FiguMS. NueueM Pre** «w««" * M « m * n ■ nd 
QwomleONA . . 




Q p 06)51 1* 



•add- art m«**» C>i«* — ^eSTTh- 
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P.22- 




3 4 5 6 7 8 9 
• • • • * • 



• • • 




una PCI1 MdM 1t WDbK •rtWOByw ""^^v-EJIT, ~u**A lam & HtoQ2 poly 

W °" "5* ?* !T^.'5!!^-*^-*cti««aa.un.i ^"•"•^^^pSm^^u. pchb. u»t 7. hum* *«*«■ «•"« 

5, un* 9. Hae« eONAprtmwiwHh alp (dl). &po»» 



ODNA pfM PCM. una ( 

mo* 



owt tacu&tad tor 10 n*> * « 



si-aaarasssasatss---' 

^ TTL— * worn wnp«n» *» 2 •* 



Qp 805113 
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P . 23 




A B C D E F 



^ t n . Tht «*<J 6m lnclic«!» 

(fc) l^c)"o^e SouO»m Moo ii m. jng '^^^'^^7^^ 

M tarn«lMitonc^tir««eod*a6^^ "J^ ^ w ^ „^„o Uw prom oter end 

Rnl MM. PiODS B H 800 bp Bat! OON* ^^J''''*'*^^''!!!?!? m»um wnniindbiO nud«0Mt 8866. MMI B (*SS bp) tnd F (66* BO) 

rsssssssssssssssssssss.-.* — 



The Step Codon I* Not Pre*** In the 

lb investigate the poutbMty of somatic mutation of the 



amplification of a 280 bp region spanning the slop a 
using a* tamplaj? rabbit entorocyte DNA. Enttw 
were prep""* by the method of Potari and Shio 097B) 
and their purity assessed by electron microscopy (Figure 

The region was ampaned using synthetic oligomers and 
» an mm* 0* The 280 bp band was 



screened wHn labeled oligonucleotides. Twelve hybridiz- 
ing atonies were Identified. Ptasmld DNA was prepared 
from ihaaa donee, linearized with restriction enzymes 
(Figure 7b), and blotted. Dot blots of undoned amplified 
DNA were J -— . . 



specific for aimer CorTtt position 8866 ai d 
vlouslv. Only fta C specific ollgonudeotlae riybrid&es to 
the 12 Intestinal genomic donee (Raurw 7t and 70). Fur- 



ther analysis of these clones by DNA sequencing con- 
flrmed ihe presence of only the CAA codon in entemcyte 
genomic DNA. When dot blots of PCR amplified emero- 
cyta genomic DNA were hybridized with ihe BSTOP and 
BGLN oUgonudootldes, the signal obtained with BGLW 
woa at toast 100-toW greater than that obtained with 



was at toast 100-fold graatai 
BSTOP (Figure 5c). 



s mechanism of formation of in* 
testinal ape* by comparing the nucleotide sequences i of 
human and rabbit Intestinal cDNAs and genomic DNA 
with human hepatic cDNA. The result Is remartttto^ 

In human Intestinal cDNA, there Is an Uvframe TAA trlp. 
lat at codon 2153. whereas in the hepatic cONAs and the 
gene codon, 2153 la glutamlne (CAA). This same change 
iTpresem in rabbit intestinal cDNA. This obeervrfon to 
confirmed by differential hybridization n amplified cDNA 
and genomic DNA of labeled oligonucleotides containing 
either TAA or CAA. There la no likelihood thai the stop 
codon in Intestinal eONA arose either as a result of a sye- 



GP 885116 
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quence analysis ravaala only a few base differences be- 
tween the intestinal cDNAs and our published hepatic 
cONA sequence (Knoo at al.. 1986b), and these am con- 
sistent with polymorphic variations seen among fiver 
cONA clones derived from several individuals (Ctadares 
at al.. 1986; Law at SI.. 1986; Yang at at.. 1966: Ototoson 
el al., 19S7). Furthermore, all genomic donas fit precisely 
Into one linear map (BlacMiart et al., 1966; Cartsson et al.. 
1986; Higuchi et al.. 1987; Wagenor at al.. 1987). These 
observations could only be accounted tor in a two-gene 
modal if the duplication was a very recent event or rf 
sequence homology was maintained by intragenic ex- 
change (gene conversion). In the case of the human 
a-gtobln (oi ,. oj) and -njlobln (N. *r) genes where gane 
conversion events have been thoroughly analyzed (Sligh- 
tom et al.. 1980; Michetson et al.. 1983). the various con- 
version units include regions of the gene that are under 





regions of homology extend only 500 bp (v) and 900 bp 
(s) upstream of the cap ska and in neither ease extend be- 
yond a position equivalent to the V end of the mRNA. As 
a consequence, the restriction enzyme sites in the distal 
flanking sequences vary between the globm gene dupii- - 
cates. Another explanation would be the differential or 
cryptic splicing of an intestine-specific axon containing 



nated by use of flanking sequence and intragenic probes 
that Identify only single bands on genomic Southerns, by 
fine restriction mapping of cloned genomic DNA and by 
determining the nucleotide sequence of the gene (Ludwlg 
et al.. 1907). Specifically, there ia no duplication of exon 
26, which contains the stop codon, end no direct repeats 



a transcriptase error or as a polymerase 



chain reaction artifact, because CAA Is found in t 
Hep<52 CONA. Our study predicts that apo-B48 to k 
to the amlrKMerminal 21S2 amino acids of apoBlOO and 
has a molecular weloht (before fllyeosylalion) of 2408 kd. 
This Is in very close agreement with the findings of Inner- 
arity and colleagues (personal communication). These 



zymallc amplification of the relevant region of Intestinal 
DNA followed by DNA sequencing and differential oligo- 
nucleotide hybridization snows ihat no stop codon Is en- 
coded In the rabbit genome. In the absence of gene dupli- 
cation or axon shuffling, the conclusion must be that the 
stop codon arises ss a result of co- or posttmnscrlpttonal 
RNA editing involving a single C to U substitution. 

Our results show that both distal human and proximal 
rabbit small Intestine contain 7 kb snd 14.6 kb apo-e 
mRNAa. Sequencing of Intestinal cONAs from both spe- 
cies indicates the presence of a TAA at codon 2153 in ev- 
ery done examined. It was Important to establish whether 
all the 145 kb transcripts contain the stop codon and are 
translated into apo-e 48. or whether most contained the 
ie codon and produced apo-BiOO. to address this 



that me carboxytermlnal of human apo-648 would be 
within five residues of amino acid 2«1. 

The observations reported here could be explained by 
the presence of two apo-B genes, one of which is ex- 
pressed in the smaO Intestine and tne other in the liver. I' 
this ia the case, me duplication must be perfect and en- 
whole gene and flanking sequences. Se- 



cONA (from a position chosen to exclude all the poly (A) 
addition sites in table 1 and encompass only Ihe large 
mRNA) and oligo (dT) primed cDNA. We found evidence 
tor only tow levels of the glutamine codon In intestinal 
mRNA. The most straightforward conclusion ia that botn i- 
intestinal mRNAa encode apo-B4a ^. . £ 

Previous studies from other workers have g 
that both epo*4B and apo-8100 are produced by me g 
adult human and rat small intestine. Dullaart etal. (iwe> 
uisd monoclonal antibodies to detect ^^JJ^™ a 
epitopes In the 6ato>associ«ad vesicles of 
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and suggested ih«l epo-848 may arise by posttransla- 
tional cleavage of apo*10a Although there were anoma- 
lies m the dlstribuHcn of the ai»>Bior>«pecffic epitopes 
which hinder Interpretation ei the reeulis, this is consis- 
tent with the earlier studies of tee at al. (1964). who 
reported the presence ol predominantly apo-Bioo in the 



to a protein similar in else id apo-B48. The presence of 
apo-8100 epitopes In the Golgi region ol enterocytes may. 
however, arise from endocytoals of apo-BlOO containing li- 
poproteins, which has been demonstrated to occur in bom 
the liver and Intestine (Cnao ei bL. 1981; Stange and Diet- 
seny, 1983; Jones at •!, 1984). RasecreUon of the Upopre- 
telns could then account for tnelr presence In lymph, as 
could direct filtration tram the Wood into the lymph. None 
of these studies have proved thai me ipo-BiOO-cortaining 
lipoproteins associated with the intestine are actually syn- 
thesized there, in contrast, in vivo labeling of rat entero- 
cytes by Davidson et al. (19B6) followed by SOS-PAGE de- 
tected only apo-B4& Also. Reuben and Eloveon (1985) 
have shown by polysome run-off translation that the prod- 
uctof rat intestinal ap>B mRNA is an epo«48 equivalent 
protein. This supports our results showing mat there is a 
stop codon in Intestinal mRNA. 

Although our data predict that adult small intestine syn- 
thesizes predominantly ape-84B, me work of Gllckman et 
al. (1986) demonstrated that bom apo-BlOO end 800-848 
are produced by the human jejunum In organ cultures of 
tissue taken late in gestation. However, they agree that 
only apo-B48 Is produced by mis tissue JnJ 1 ]*; *** 
These authors perfon " — 



duced by poat-or cotranslatlonal proteolytic deavaga 

Recent studies have shown mat the colonic carcinoma 
cell ime CaCo2 produces mainly apotfiOO and a small 
quantity of apo-B4a [Hughes et al.. i8B7). These observa- 
tions suggest that Intestinal ceils may be pturipotent with 
respect to apc-648 production until relatively lew in devel- 



tnd Wd « we una rmon. Paly (A)* WWA id 
Ihleknen Mumim MS Mtd * IMPM eONA br V» Wrt* ***> 
maihod. Th. gONA «W m«n dondd in* tho ut*W« GeoRI *» ol tho 
bastflophags VMS' igni (Kuynn N 1986). wing EcbRI llnkon) 
•nd UMtfMM Mo E. eM Y10S& TIM fMUUuM SDnvy w«» W» 




Jignini . 

&eoBY1068 «42^PUj0uej«* _ 
niUDsMiMM Rtat tna icwnM in oupncMi **h >pe-aioo cDNA 
ntMS. nmili linn fnumonsi veni labtM By iwidom firming (Ftn> 
^ mo Vbgoa**, i963) «o • wctf* tciM* <* -a- 1 * epm wr'. 



t end rabbit Intestine, a proportion of the 

mRNAsVe potyadenylaied downstream ol the stop codon 
at sites mat follow canonical and noncancnleal poty (A) 
. addition signala,4iwiereaa In human Over do small mRNA 
has been observed and no stop codon found. This sug- 
gests mat poryadenylauon and editing may be coupled. 

Oweieprnentavy regulated, tiasue-epedfic subsniutlon 
of a single nucleotide In mRNA leading to dlf lerent gene 
products la unprecedented. The closest analogy to mis sit- 
uation occurs In trypanoeomea. where it has been demon- 
strated mat additional nt 

scripts by an RNA editing mechanism (Benne et aL. 1988; 
Fwgin et al., 1987). We cannot speculate what the mecha- 
nism might be. but It appears to be highly specHle Analo- 
gies may be found in me processing of primary nuclear 
transcripts and In the modified bases that are found In 
(RNA. Whatever me explanation tar these intriguing ob- 
servations. It seems unlikely mat may are unique to the (n- 



pucniorni 



in mopping IM Imo MIS mptS or mpIS (•noimo- 

utoxr memos (Sang* « su taeo). 
« out «W« f»6klATPo& trnfllemwi 
111 ~' 

allot drying (Biggin Mai.. 1963). 



w> »indpurir»doni3%BO*irKiool». 

BSTOP. TJU^TOATCAAATWWICA 19»«nor ft and SI 66W 
BQLN. TICIQATCAAATTBWICA 19-mof 6* end al 6679 

pcrs. CTOA«nwrteA*nBGGAQAaACAAa »«« s- ens « 

PCRS. COQATAIAWflroCT CA TCAAOAC TStmat V tnd St 678* 
PCBa QCACOOATATCAT*ACGTTC*TC 25^t»»' 5 1 ««J «1 6787 
PCHia CWTQATTn3ATCW1MS»C»fi 24-nor 5" •ndStSW 

trS'ond«77e7 




Phigo ONAOB nllnxrthiloSS flnwwMprWiyl»iaTiedl'X>*hral«'C 
InanonosselSx SSP6.10* Dinhanffi (02* Men 0» FtooU. po»f 
vtaylpyioilldOM tnd 8SA). am SOS. end 500 o« ml- 
■nnteaiorj salmon apom> ONA. H»Wdli»tio« ««lnlh»Mnw»SM»>n 
» 10* epm mr' f»PH4t»hJd p«*o tor « t* Rners 
•nuMdantemSx SSOam SOS « worn «wnp«i»tuni lor ;30 
mai«S3CA1H8D3-« 



tkkwinex 8Scamsoaas%Ma^(k^«^"^ 

*gmr*dw«^.onjc««^^ 
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M(pH7>4«dM*MRat(Mnil0M 1 WC. WW-** In— rt* 
dyi«a euflw. km tmeuona paa**d in tt» vmum waaida, Pna 
datiydnjlad. and anbaddad In Spuff laaK UlnHWo aaatona «-«• mar 




wilf) 18 U&C. 8«cUon 1734 



iMtTby carurtfuot** owugh «• «» «•*•» 
emta. Tha nuetow paiM *■» man fog*** •*« pwahi™ K in SOS 

M dMCflOM by KimM M U. (1977). 

Iwu and (AT »«* KapawUon 

e) Autfray and Rougaon 0860). Partafy 0«nehad paly W 
-7 \ uidl^lOT^ThabMgrliyoltoroaaiKJiio^ 



-Iteamymtoogrtmaot RNA«« alaan»h(»^*B*ighi*agaioaa 
Oil. cMWning tormaManyd- 



8SC S* Owintnm. 0.1* SOS. and 100 pg i» 
eatod Mlmon aperm OMA,Hyg*fe»*n Ml tor 1« hr h 10 ft* Man 
buttar eommtng «• epm nT* =fMU**J ON*, "Bm 
MMyatreemumptnumkiSK sSCai«S09ihinmAMil60*C 
inl*SSCAmsOSunaO»bid<Qf^<wniin^ 
ptiy«M on Kodak XARSnmai -7CC wtw m Oroote imaraaytng 
aenMnitor2*ht 




AuHny. O. tnd Hougton. P. 0900). PurlTcmion of mouM 
gtotwSn hM»¥-ehaln mRNAl Imn Mai myxoma IHUMP" 



N*U- Acad. 3d USA 89, H»Mll 

R„ Van 0»i Bunj, A. Bn*mholI. J. R J- Stool. R. Van Boom. 
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